AbstracI-Lightning strikes to facilities can pose hazards to personnel as well as sensitive processes and equipment Steel reinforcement in a structure can act as a Faraday cage that can mitigate the effects of lightning. An Equivalent Circuit Lightning Model (ECLM) of a strike's response in a steel reinforced struetnre has been developed using PSpice' (a commercial circuit simulation) where segmenb of rebar are modeled as inductors and resistors in series. Programs have been written to take architestural information of a steel reinforced structure and create a circuit network that is analogons to the network of reinforcement in a facility. A current waveform representing a severe lightning strike is introduced in the simulated circuit network, and potential differences within the strnctnre are determined using PSpice' . In order to validate the ECLM of a steel reinforced structure, high current pulses were injected into two-dimensional steel grids and potential differences across various nodes of the grids were measured. Grids were then simulated using the lightning circuit model to compare with measured potential differences. Validation tests of steel grids provide evidence that the ECLM agrees well with high voltage test measurements.
INTRODUCTION
Lightning surges can damage sensitive equipment as well as pose hazards to sensitive operations. Knowing a structure's response to lightning strike can give insight into ways to mitigate detrimental effects. An Equivalent Circuit Lightning Model (ECLM) has been developed to determine the response of a steel reinforced structure to lightning strike. The model represents the steel reinforcement as circuit elements and a lightning strike as a current injected into the model circuit. The ECLM has been used to model the effects of rebar diameter, rebar spacing, and explosive blast relief discontinuities High current tests were performed on five steel grids with varying geometry and materials properties.
[3] The ECLM was used to simulate the five grids using the measured current input waveform. Measured voltages across grids were compared to A.
The ECLM consists of three sets of programs: an equivalent circuit generator that creates a PSpice netlist that is analogous to a facility's conductive reinforcement, a database that stores and sorts information about the solved equivalent circuit, and visualization tools which allow voltage profiles for the three dimensional structure to be displayed and evaluated.
The equivalent circuit generator produces a PSpice@ netlist containing architectural information about steel reinforced construction. Each segment of reinforcement is modeled as an inductor and resistor in series. Rebar diameter and spacing are used to calculate self-inductance and resistance of sections of rebar between junctures. The circuit elements representing the rebar segments are connected in an analogous fashion to the construction of the facility.
Once the circuit network representing the steel reinforced structure is developed by the equivalent circuit generator, a current waveform is injected into the simulated network at a desired location and PSpice" is used to solve the circuit network. intersection between horizontal and vertical rebar are extracted using a program to parse the data and save the data into a database. Data is obtained for every node at several time steps for the duration of the simulation. By querying the database, the location, value, and time of the maximum voltage can be determined. Power and current data is also available for each circuit element.
To easily view information fiom the database, a visualization tool was created. The voltage at each node is displayed on 3D OpenGLO model of the facility. Figure 2 shows a grayscale image of the maximum voltage profile for a lightning strike to a generic 20' x 25' x 15' double layer steel reinforced structure with 6" spacing and #6 rebar. In this case, the current waveform is injected into the center of a U-shaped discontinuity between three of the facility's walls and the ceiling of a facility. The time slice chosen is that in which the maximum voltage OCCUR for any particular node. Animations of voltage withiin a facility are also possible to display. 
MODEL VALIDATION
High voltage testing of steel grids was used to validate the Equivalent Lightning Circuit Model. The ECLM relies on several assumptions. They are: rebar segments can be modeled as inductors and resistors in series, a lightning strike can be represented as a current waveform in PSpice, and elements that represent rebar segments that are connected in a similar fashion to the structure of the facility yield comparable voltage and current distributions to that of an actual facility due to a lightning strike.
To prove that these assumptions were valid, high current pulses with a measured profile were injected into steel grids with known geometry and materials properties. The potential difference across the grid was measured as a result of the current pulses injected into the grid. The grid was simulated using the ECLM developed for this project using the actual measured current profile from the test. Potential differences across the grid test points were determined using the simulation. Simulated voltages were compared to measure 
A. GRIDS TESTED
described on Table I . All measured 48 inches by 48 inches.
B. METHODS OF TEST
The grids were supported by a non-conductive jig A summm of simulations and measurements is found in Table 11 . Even though the ECLM model only modeled resistance and self-inductance for the steel segments, simulated voltage profiles match the characteristic details found in the measured profiles. Simulations match or exceed measured voltages without incorporating mutual inductance in the simulations.
GRID#^

N. CONCLUSIONS
Test results showed excellent agreement with simulations. In all cases simulations were of equal or higher voltage than voltage measurements indicating that the lightning circuihy model is conservative. Agreement between simulations and measurements was much better than expected with a maximum deviation of 39% and with the results of 2 of the 5 grids matching with less than a 5% difference.
